Abstract: A novel pilot pattern selection method is proposed in wireless OFDM systems which can be used for sparse channel estimation. It is that cumulative coherence function is proposed to select optimal pilot patterns. This proposed method can characterize the measurement matrix which is made up of pilot patterns well, it can also remedy the drawbacks that better pilot patterns maybe ignored under the metric of coherence parameter. Simulation results demonstrate that optimal pilot patterns will be obtained by the novel method, and better channel estimation performance can be acquired.
Introduction
Compressed sensing (CS) [1] has recently been applied for pilot-aided OFDM sparse channel estimation [2, 3, 4] . Reduced pilot overhead and better performance can be achieved by exploring the sparse nature of wireless multipath channels rather than traditional LS or LMMSE channel estimation [2, 3] . Most of the researches focus on pilot allocation [5, 6, 7] and CS reconstruct algorithms [8, 9, 10, 11] . However few works discuss the pilot selection method. For OFDM channel estimation, optimal pilot patterns can make the channel estimation results more accurate. So in [6] , a scheme of discrete stochastic approximation is proposed to optimize the pilot placement, and Mean Square Error (MSE) minimization of channel estimation is used to be the metric for optimal pilot patterns selection. This method increases the complexity, so a modified scheme of discrete stochastic approximation is proposed in [7] . Coherence parameter is adopted to describe the measurement matrix, and optimal pilot patterns are selected by minimizing coherence parameter.
However, coherence parameter only reflects the extreme correlations between columns of measurement matrix. When most of the inner products are tiny, the coherence parameter will be misleading, and poor pilot patterns maybe selected for channel estimation.
In this paper, cumulative coherence function is proposed to remedy the shortcoming. It measures the maximum total coherence between a fixed column and a collection of other columns of the measurement matrix. This will characterize the measurement matrix better and reduce the inferior influence. Optimal pilot patterns will be obtained by the novel method. Simulations verify that the novel method outperforms the reference method and achieves better estimation performance.
System model
The comb-type pilot method to estimate channel information in OFDM systems is considered. Assume the number of OFDM subcarriers to be N, among which N p is randomly selected as pilots with positions represented by We denote (1) can be also expressed as
Signals are transmitted by multi-path channels for wireless communication system. Usually, the system sampling interval is much smaller in contrast with the channel delay spread, so most channel coefficients are either nearly zero or zero, which means that h is a sparse vector, then CS theory can be used to solve h. In equation (4), A is made up of pilot patterns and a DFT sub-matrix. A is mainly depended on pilot patterns while DFT sub-matrix is certain. We can select optimal pilot patterns by minimizing the coherence of A.
The coherence of A equals to the maximum absolute inner product between two distinct columns, which is denoted by μ,
In [7] , gðpÞ ¼ , the objective function is
The optimal pilot pattern is
However, studies in [8] show that coherence parameter does not characterize A very well since it only reflects the most extreme correlations between any columns. Coherence will be misleading when most of the inner products are tiny, this will lead to poor channel estimation results. To remedy this shortcoming, cumulative coherence function is proposed, which measures the maximum total coherence between a fixed column and a collection of other columns, it will characterize the measurement matrix much better. Although it is more difficult to compute than the coherence, it is a sharper scalpel.
Proposed method
In this paper, cumulative coherence function is defined as
where Ã is the pilot pattern index set. Let gðpÞ ¼ C , the optimal pilot pattern is
In this paper, discrete stochastic approximation [6] is adopted to select optimal pilot pattern. p is a random pilot pattern, indicates an estimate of the occupation probability of one state. 1: Randomly generated a p 0 ,p
Starting from a random p 0 , we initializep 0 and generate a zero ½0 where ½0; 0 is set to be 1. In each iteration, a newp m is obtained by sequentially changing one pilot position of p m . Then gðp m Þ and gðp m Þ are compared. The algorithm will converge to the optimal pilot pattern which has the largest occupation probability.
Simulation parameters and results
In this section, simulation parameters and results are provided. Table II. From Table II , we can see that the pilot patterns selected by cumulative coherence superior to coherence occupies 30 percentage, this will remedy the drawbacks that produced by coherence. The average MSE of all the simulation results is shown in Fig. 1. Fig. 1 demonstrates that pilot patterns selected by novel method are optimal than the method in ref [7] , and better performance is achieved. Table III and Table IV are one situation of the 100 experiments, the simulation parameters are the same except the initial pilot pattern. In Table III , gðp 1 Þ < gðp 2 Þ under two different metrics, so p 1 is the selected optimal pilot pattern. Fig. 2(a) also demonstrates that pilot pattern p 1 can estimate the channel information better than p 2 . The number of times where The number of times where the pilot patters selected the pilot patters selected Other cases are the same under two using novel method superior methods (Table III) to reference method (Table IV) 68 30 2 In Table IV , gðp 1 Þ < gðp 2 Þ under the metric of coherence parameter, however, gðp 1 Þ > gðp 2 Þ under the metric of cumulative coherence parameter. Fig. 2(b) demonstrates that better channel estimation performance can be obtained by pilot pattern gðp 1 Þ > gðp 2 Þ rather than gðp 1 Þ > gðp 1 Þ. This verifies that cumulative coherence parameter will characterize A better and remedy the shortcoming that caused by coherence parameter. As shown in Fig. 3(a) , MSE of channel estimation for different pilot selection schemes is compared. The novel scheme outperforms the randomly generated pilots and the scheme in reference [7] , which also verifies the effectiveness of the proposed scheme. Fig. 3(b) shows the BER comparisons of channel estimation for different pilot selection schemes, which also verifies the effectiveness of the proposed scheme.
Assume M ¼ 100, Np ¼ 16. For different initial pilot patterns, changes of cumulative coherence with total number of iterations are shown in Fig. 4 . The cumulative coherence will flatten out while the total number of iterations is upto 300, therefore appropriate M according to the conclusion will be chosen to reduce the calculation time.
Table V. shows that the increment of computing complexity is unobvious.
Conclusion
This paper proposed a novel method to select optimal pilot patterns. Simulations verify that the novel method can achieve better estimation performance.
